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HEAT-RESISTANT NONWOVEN FABRICS 

FIELD OF THE INVENTION 

This invention‘ relates to a method for making a non 
woven fabric for use in applications where high temper 
atures are encountered. The nonwovens contain heat 
resistant ?bers and a forrnaldehyde-free binder compo 
sition which assists in consolidating the ?bers into a 
strong, heat-resistant substrate. 

BACKGROUND OF THE INVENTION 

Nonwoven fabrics are composed of ?bers which may 
be consolidated by purely mechanical means such as, 
for example, entanglement caused by needle-punching, 
by chemical means such as, for example, saturation with 
a polymeric binder, or by combinations thereof. Some 
nonwoven fabrics are used at temperatures substantially 
higher than ambient temperature such as, for example, 
glass ?ber-containing nonwoven fabrics which are im 
pregnated with a hot asphaltic composition pursuant to 
making roo?ng shingles or roll roo?ng material. When 
a nonwoven fabric is contacted with a hot asphaltic 
composition at temperatures of 150°-250° C., the non 
woven fabric may sag, shrink, or otherwise become 
distorted. Therefore, nonwoven fabrics which incorpo 
rate a polymeric binder should substantially retain the 
properties contributed by the polymeric binder such as, 
for example, strength. In addition, the binder should not 
substantially detract from essential nonwoven fabric 
characteristics, as would be the case, for example, if the 
polymeric binder were too rigid or brittle or became 
sticky under processing conditions. 
There is a need for a method for making a heat-resist 

ant nonwoven fabric by using heat-resistant ?bers and a 
heat-resistant nonwoven polymeric binder composition 
which is free of potentially polluting solvents and is also 
free from formaldehyde. 

DESCRIPTION OF THE PRIOR ART 

U.S. Pat. No. 3,867,348 discloses a copolymer cross 
linking agent which contains at least one unsaturated 
N-substituted amide of a,B-unsaturated carboxylic acid 
which cannot be methylolated, the substituent of which 
is an aliphatic moiety containing a diol-l,2 or -l,3 group 
corresponding to a speci?c formula such as, for exam 
ple, N-dihydroxy-2,3-propyl methacrylamide, and at 
least one nitrogen methylolated compound selected 
from the group comprising urea, its substituted deriva 
tives, and cyclic ureas. Also disclosed is the use of the 
crosslinking agent in bonding nonwoven fabrics having 
good resistance to organic solvents and to improve 
abrasion and crease resistance. U.S. Pat. No. 3,867,348 
does not disclose a method for making a heat-resistant 
nonwoven wherein a binder composition containing a 
carboxy group, or a carboxylic anhydride, or salts of a 
carboxy group; and a B-hydroxyalkyl amide contacts a 
nonwoven fabric containing heat-resistant ?bers, and 
the binder composition is cured. 

U.S. Pat. Nos. 4,076,917 discloses a method for cur 
ing or crosslinking polymers having carboxy or anhy 
dride groups by treating the polymers with either a 
B-hydroxyalkylamide or a polymer prepared from a 
b-hydroxyalkylamide. Also disclosed are self-curing 
polymers containing both carboxy and B-hydroxyalk 
ylamide functionality. It is further disclosed that poly 
mers containing the B-hydroxyalkylamide functionality 

} can be used in forming ?lms, ?bers, paints, lacquers, 
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2 
varnishes, seamless ?ooring, caulks or impregnants as 
adhesives for both natural and synthetic materials, such 
as paper, textiles, wood, plastics, metal and leather; as 
binders for non-woven fabrics, in the preparation of inks 
and in all areas where epoxy and melamine ?nishes are 
presently prepared. U.S. Pat. No. 4,076,917 does not 
disclose a method for making a heat-resistant nonwoven 
wherein a binder composition containing a carboxy 
group, or a carboxylic anhydride, or salts of a carboxy 
group; and a B-hydroxyalkyl amide contacts a nonwo 
ven fabric containing heat-resistant ?bers, and the 
binder composition is cured. 

U.S. Pat. No. 4,455,342 discloses aqueous dispersions 
of an acrylic resin which is suitable for the reinforce 
ment of ?brous articles and is free of formaldehyde and 
acrylonitrile, which resin contains (a) from 70 to 96.95 
weight percent of alkyl esters of acrylic acid and/or 
methacrylic acid, or mixtures of such esters with sty 
rene; (b) from 2 to 30 weight percent of a hydroxyalkyl 
ester of an unsaturated carboxylic acid; (0) from 1 to 10 
weight percent of acrylamide or of methacrylamide; (d) 
from 0.05 to 3 weight percent of a crosslinking comono 
mer having at least two polymerizable double bonds; (e) 
up to 5 weight percent of a unsaturated carboxylic acid; 
(0 up to 20 weight percent of one or more further mon 
omers, as well as ?brous articles reinforced with such a 
resin dispersion and showing reduced loss of resin 
binder on drycleaning and reduced absorption of plasti 
cizers, and methods of making such articles. U.S. Pat. 
No. 4,455,342 does not disclose a method for making a 
heat~resistant nonwoven wherein a binder composition 
containing a carboxy group, or a carboxylic anhydride, 
or salts of a carboxy group; and a B-hydroxyalkyl amide 
contacts a nonwoven fabric containing heat-resistant 
?bers, and the binder composition is cured. 

U.S. Pat. No. 4,999,239 discloses a nonwoven prod 
uct exhibiting resistance to degradation caused by hot 
oil, in which a nonwoven web of ?bers is bonded to 
gether with a copolymer deposited from an emulsion 
having 20-70% solids of a copolymer consisting essen 
tially of 65-90 wt. % vinyl chloride, 5-35 wt. % ethyl 
ene, and up to 10 wt. % of a hydroxyalkyl- or carbox 
ylic acid-containing functional comonomer, the copoly 
mer being prepared in the presence of a stabilizing sys 
tem consisting essentially of 3-15 wt. % polyvinyl alco 
hol which is 70-91 mole % hydrolyzed. U.S. Pat. No. 
4,999,239 does not disclose a method for making a heat 
resistant nonwoven wherein a binder composition con 
taining a carboxy group, or a carboxylic anhydride, or 
salts of a carboxy group; and a B-hydroxyalkyl amide 
contacts a nonwoven fabric containing heat-resistant 
?bers, and the binder composition is cured. 
None of the references teach a method for making a 

heat-resistant nonwoven fabric wherein a binder com 
position containing a carboxy group, or a carboxylic 
anhydride, or salts of a carboxy group; and a B 
hydroxyalkyl amide contacts a nonwoven fabric con 
taining heat-resistant ?bers, and heating the binder com 
position. 

It is, therefore, an object of this invention to provide 
a method for making a heat-resistant nonwoven fabric. 

It is also an object of this invention to provide a 
method for making a heat-resistant nonwoven fabric 
without the use of potentially polluting solvents and by 
using a binder composition which is free from formalde 
hyde. 
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SUMMARY OF THE INVENTION 

A method for making a heat-resistant nonwoven fab 
ric is provided. A formaldehyde-free binder composi 
tion containing a carboxy group, or a carboxylic anhy 
dride, or salts of a carboxy group; and a B-hydroxyalkyl 
amide contacts a nonwoven fabric containing heat 
resistant ?bers, and heating the binder composition is 
effected. 

DETAILED DESCRIPTION OF THE 
INVENTION 

This invention relates to a method for making a heat 
resistant nonwoven fabric. 
A formaldehyde-free binder composition is formed 

from polymers having carboxy- or anhydride- or car 
boxy salt-groups by admixing the polymers with either 
a B-hydroxyalkylamide or a polymer prepared from a 
B-hydroxyalkylamide. This invention also embraces 
self-curing polymers containing both carboxy and b 
hydroxyalkylamide functionality. 

All carboxy- and anhydride- and carboxy salt-con 
taining polymers may be used in the practice of this 
invention. Such polymers may be prepared by any 
method known in the art such as, for example, solution 
polymerization, aqueous suspension polymerization, 
and aqueous emulsion polymerization. The polymers 
may contain up to 100%, by weight based on the weight 
of the polymer, of carboxy-, anhydride-, or carboxy 
salt»containing monomers, or mixtures thereof. Addi 
tion polymers containing up to 100%, by weight based 
on the weight of the polymer, of polymerized ethyleni 
cally unsaturated monomers bearing carboxy groups, 
carboxylic anhydride groups, or salts of carboxy 
groups, or mixtures thereof, may be used. Addition 
polymers containing from about 20% up to 100%, by 
weight based on the weight of the polymer, of polymer 
ized ethylenically unsaturated monomers bearing car 
boxy groups, carboxylic anhydride groups, or salts of 
carboxy groups, or mixtures thereof, are preferred in 
order to achieve a desirable degree of reaction with the 
B-hydroxyalkylamides. - 

Examples of preferred monomers which may be in 
corporated into the polymer backbone and reacted with 
the B-hydroxyalkylamides (See Formula 1, below) in 
clude unsaturated monocarboxylic acids such as, for 
example, acrylic acid, methacrylic acid, crotonic acid 
and the like, unsaturated dicarboxylic acids, such as 
maleic acid, Z-methyl maleic acid, fumaric acid, itaconic 
acid, 2-methyl itaconic acid, a,B-methyleneglutaric 
acid, and the like; salts of unsaturated monocarboxylic 
or unsaturated dicarboxylic acids; and unsaturated an 
hydrides, such as, for example, maleic anhydride, ita 
conic anhydride, acrylic anhydride, methacrylic anhy 
dride, and the like. When it is desirable to use polymers 
containing carboxy salt groups, these groups may be 
incorporated into the polymer directly or a carboxy 
group-containing polymer may be neutralized, all or in 
part, with a base such as, for example, ammonia, sodium 
hydroxide, or an amine. It is preferred to neutralize the 
carboxy groups with a volatile amine in order to avoid 
the water sensitivity inherent in carboxy salt groups 
should they remain unreacted. It is preferred to use 
ammonia, neutralizing to a pH of about 7.5. When a 
carboxy-containing polymer prepared by emulsion pol 
ymerization is used, it may be desirable to neutralize the 
polymer to at least the extent that it becomes water-sol 
uble. 
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4 
The B-hydroxyalkylamides employed in this inven 

tion are efficient curing agents for carboxy-containing 
and anhydride-containing polymers and can be em 
ployed without any catalyst required. In addition, the 
b-hydroxyalkylamides are soluble in a wide range of 
solvents including water. This water solubility is espe 
cially desirable because it eliminates the necessity of 
employing substantially any organic solvents. Further, 
the binder composition employed in this invention is 
free from formaldehyde nor does it release or generate 
formaldehyde during the contacting or heating steps of 
this method. 

In the method of this invention, in order to form a 
binder composition, polymers having carboxy- or anhy 
dride- or carboxy salt- groups are admixed with either a 
B-hydroxyalkylamide of the formula: 

wherein A is a bond, hydrogen or a monovalent or 
polyvalent organic radical derived from a saturated or 
unsaturated alkyl radical wherein the alkyl radical con 
tains from l-60 carbon atoms, such as methyl, ethyl, 
propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, 
eicosyl, triacontyl, tetracontyl, pentacontyl, hexylcon 
tyl and the like; aryl, for example, mono- and dinuclear 
aryl such as phenyl, naphthyl and the like; tri-lower 
alkyleneamino such as trimethyleneamino, trie 
thyleneamino and the like; or an unsaturated radical 
containing one or more ethylenic groups [>C=C<] 
such as ethenyl, l-methylethenyl, 3-butenyl-l,3-diyl, 
2-propenyl-l,2-diyl, carboxy lower alkenyl, such as 
3-carboxy-2-propenyl and the like, lower alkoxy car 
bonyl lower alkenyl such as 3-methoxycarbonyl-2 
propenyl and the like; R1 is hydrogen, lower alkyl of 
from l-5 carbon atoms such as methyl, ethyl, n-propyl, 
n-butyl, sec-butyl, tert-butyl, pentyl and the like or 
hydroxy lower alkyl of from l-5 carbon atoms such as 
hydroxyethyl, 3-hydroxypropyl, Z-hydroxypropyl, 4 
hydroxybutyl, 3-hydroxybutyl, Z-hydroxy-Z-methyl 
propyl, S-hydroxypentyl, 4-hydroxypentyl, 3-hydroxy 
pentyl, Z-hydroxypentyl and the isomers of pentyl; R2 
and R3 are the same or different radicals selected from 
hydrogen, straight or branched chain lower alkyl of 
from l-5 carbon atoms or one of the R2 and one of the 
R3 radicals may be joined to form, together with the 
carbon atoms, such as cyclopentenyl, cyclohexyl and 
the like; 11 is an integer having a value of l or 2 and n’ is 
an integer having a value of 0 to 2 or when n' is 0, a 
polymer orcopolymer (i.e., n has a value greater than 1, 
preferably 2-10) formed from the B~hydroxyalkylamide 
when A is an unsaturated radical. 

Preferred compounds for admixing with the carboxy 
or anhydride- or carboxy salt-containing polymers are 
those of the foregoing Formula I, wherein R1 is H, 
lower alkyl, or HO(R3)2C(R2)2C-, n and n’ are each 1, 
—A— is —(CH2)m—, m is 0-8, preferably 2-8, each R2 
is H, and one of the R3 radicals in each case is H and the 
other is H or a C1-C5 alkyl; that is, 
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wherein R1, R3, and m have the meanings just given. 
Examples of the most preferred compounds fall within 
the formula: . 

wherein R3 is limited to H in both cases or -—CH3 in 
both cases. 

Speci?c examples falling within Formula lb are 
bis[N,N-di(b-hydroxyethyl)]adipamide, bis[N,N-di(b 
hydroxypropyl)]azelamide, bis[N-N-di(b-hydroxy 
propyl)]adipamide, and bis[N-methyl-N-(b-hydroxye 
thyl)]oxamide. These latter compounds are preferred 
because of their excellent water solubility and their fast 
reactivity with carboxy and anhydride groups. In addi 
tion, the precursors are readily available. 

Preferred among compounds of Formula Ib are those 
compounds wherein R1 is methyl or hydroxyethyl and 
m is an integer of 2 to 8. 
The B-hydroxyalkylamides may be prepared accord 

ing to the teachings of US. Pat. No. 4,076,917, hereby 
incorporated herein by reference. 
To form the binder composition, the B-hydroxyalk 

ylamide (I) or polymer thereof is admixed with the 
carboxy- or anhydride- or carboxy salt-‘containing poly 
mer at a ratio in the range of from about 0.5 to about 2 
parts of hydroxy functions per one part of carboxy or 
anhydride or carboxy salt function. A 1:1 ratio of car 
boxy to hydroxy and a 05:1 ratio of anhydride to hy 
droxy function is preferred for some applications. A 
0.7:1 ratio of hydroxy function to carboxy function is 
preferred when the carboxy function os present in the 
form of poly(acrylic acid). Ratios outside of the above 
ranges may be employed but curing ef?ciency is re 
duced. For use with solution polymers, the B-hydrox 
yalkylamide (I) or polymer thereof is dissolved directly 
into the polymer solution with or without a solvent. 

. Solvents which may be employed include aromatics, 
such as toluene, xylene and the like; aliphatics such as 
heptane, octane and the like; water, dimethylformam 
ide, dimethylsulfoxide, also halogenated solvents, 
ethers, esters and alcohols, depending on the solubility 
of particular crosslinkers. 
The B-hydroxyamides (I) are especially useful be 

cause they can be employed without any solvent or in 
aqueous solution to afford non-polluting coatings. The 
aqueous solutions are prepared from the salts of the 
carboxy polymers, for example, amine salts such as 
dimethylaminoethanol, trimethylamine, triethylamine, 
diethanolamine, methylethanolamine, or ammonium 
salts, and the like. 

It should be apparent from this disclosure that when 
copolymers containing B-hydroxyalkylamides (I, supra) 
are prepared with carboxy containing monomers, self 
curing polymer will be obtained and when prepared 
without any carboxy or anhydride containing mono 
mers, curing of the copolymer may be effected by treat 
ing said copolymers with acids or anhydrides such as 
those saturated acids mentioned above in the prepara 
tion of the esters of Formula II and saturated anhy 
drides such as succinic, glutaric, phthalic, tetrahy 
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6 
drophthalic, 1,2,4,S-benzene-tetracarboxylic and‘ the 
like. 

In addition, the binder composition may advanta 
geously contain at least one divalent ion such as, for 
example, zinc, zirconium, nickel, cobalt, and the like, in 
an amount sufficient to effect an increase in the dry 
tensile strength of the treated nonwoven. The use of 
zinc at a level of about 0.01 to about 1.0 equivalents of 
zinc per equivalent of carboxy-containing group is pre 
ferred. 

In addition, conventional treatment components such 
as, for example, emulsi?ers, pigments, ?llers, anti 
migration aids, curing agents, thickeners, ?ame retar 
dants, coalescents, wetting agents, biocides, plasticizers, 
anti¢foaming agents, colorants, waxes, and anti-oxi 
dants, may be used in the binder composition. 
The binder composition is applied to a nonwoven 

fabric which contains heat-resistant ?bers such as, for 
example, aramid ?bers, polyester ?bers, and glass ?bers. 
By “heat-resistant ?bers” herein is meant ?bers which 
are substantially unaffected by exposure to tempera 
tures above about 125° C. The binder composition may 
be applied to the nonwoven by conventional techniques 
such as, for example, air or airless spraying, padding, 
saturating, roll coating, curtain coating, or the like. 
The binder composition containing the B-hydrox 

yalkylamide (I) is cured by heating at a temperature in 
the range of from about 125° C. to about 400° C. and 
preferably in the range of from about 125° C. to about 
175° C. for a period of time in the range of from about 
0.5 to about 30 minutes. It is not necessary to employ a 
catalyst to effect curing. 

After curing the binder composition, the heat resist 
ant-nonwoven fabric may be used in applications where 
properties of the binder composition-containing nonwo 
ven fabric at high temperatures, such as temperatures 
above 125° C., are important such as, for example, in 
preparing roo?ng substrate wherein the nonwoven 
fabric is contacted with a hot asphaltic composition and 
in preparing cushioned ?ooring wherein the nonwoven 
fabric is contacted with a PVC plastisol composition 
which is subsequently fluxed and foamed at high tem 
peratures. The heat-resistant nonwoven fabric may also 
be used in insulation and ?lter applications where high 
temperatures are encountered. 
The following examples are intended to illustrate the 

method for making a heat-resistant nonwoven fabric, to 
which this invention is directed. They are not intended 
to limit the invention as other applications of the inven 
tion will be obvious to those of ordinary skill in the art. 

EXAMPLE 1 

Preparation of Binder Composition 
To 100 grams of a solution of the ammonium salt of a 

polycarboxylic acid of Mw=2500 (determined by gel 
permeation chromatography) (as a 30%, by weight, 
solution in water) was added 50 grams of a solution of 
bis[N,N-di(b-hydroxyethyl)]adipamide (as a 50% by 
weight solution in water), with stirring, at 25‘ C. 

EXAMPLE 2 

Preparation of Glass Fiber Handsheets and Saturation 
of Sheets with Binder Composition 

A 110 gallon tank equipped with an air-driven mixer 
was filled with deionized water which was then ad 
justed to pH=9.0 with ammonium hydroxide. 14 ppm. 
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(based on the weight of the water) of a polyoxye 
thylated alkyl amine (KATAPOL VP-532) and 31 ppm. 
(based on the weight of the water) of a polyacrylamide 
thickener (SEPARAN AP-273) were added. The mix 
ture was stirred for 15 minutes and then allowed to sit 
for 15 minutes. Five gallons of the prepared solution 
(“white water”) was pumped into a 6 gallon stainless 
steel dispersion tank equipped with an air-driven mixer; 
The tank had four vertical baffles to give more thor 
ough mixing. The stirrer was turned on and 6.2 g. of 11" 
long glass ?ber (OCF-687) was added and then mixed 
for three minutes. Polyester scrim was placed on the 
bottom of a 12 inch by 12 inch square Williams sheet 
mold. The mold was closed and half-?lled with water. 

TABLE 3.1 
Carboxy GrouEContaining Ingredients Used in Examples 3-6. 

Example No. Carboxy Group-Containing Ingredients MW 

3 poly(acrylic acid) , 19,000 
4 poly(acry1ic acid/ethyl acry1ate)30/70 19,000 
5 poly(acrylic acid) 60,000 
6 poly(ethyl acrylate/methyl methacrylate/ 40,000 

methacrylic acidXSO/42/8) 
7 citric acid 

EXAMPLE 8 

Testing of Binder Composition-Treated Handsheets 

The stirrer in the dispersion tank was turned off. After 15 Tcns?e strcngth samples which were 1X4 inches 
30 seconds the valve on the dispersion tank was opened 
to drain the dispersed glass into the sheet mold. Simulta 
neously the drain valve on the sheet mold was opened. 
When the slurry had drained from the dispersion tank, 
absorbant paper was inserted into the nozzle to prevent 
any drips from marn'ng the sheet before the sheet mold 
was fully drained. The sheet mold was opened and the 
scrim with the formed glass ?ber sheet was lifted off 
and transferred to a screen stand. The excess water was 
vacuumed off with a large “shop vac” which was ?tted 
with a 14 inch head. The binder composition was ap 
plied with a perforated funnel, maintaining a gentle 
flow so that the ?bers were not disturbed. Excess binder 
composition was vacuumed off. After one stroke was 
made the glass ?ber sheet was turned 90 degrees and 
another stroke performed. The treated glass ?ber sheet 
was then transferred to another piece of scrim to pre 
vent sticking to the ?rst scrim and dried and cured for 
3 minutes at 204 C. in a high volume Werner-Mathis 
oven which causes air to impinge the sheet from the top 
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were die~eut from binder composition-treated hand 
sheets and were run on an INTELECT tensile tester at 
2 inches/minute with a 2-inch gap for dry and wet(after 
a 10 minute soak in 180° F. water). Hot tensiles were run 
after equilibrating for 1.5 minutes at 400° F. A minimum 
of four test specimens were run for each tensile strength 
and the mean was reported. The hot tensile strength is 
designed to simulate conditions to which a nonwoven 
substrate would be subjected during treatment such as, 
for example, with a hot asphaltic composition as in the 
manufacture of a roo?ng substrate. 
Elmendorf Tear strength samples which were 1X4 

inches were die-cut from binder composition-treated 
handsheets and were run according to ASTM Test 
Method D 1922-78. Elemendorf tear strength desig 
nated herein as “ET” was reported in grams. 
MIT Folding Endurance was run according to 

TAPPI Test Method T-5ll. MIT Folding Endurance 
designated herein as “MIT” was reported as number of 
double folds. 

TABLE 8.1 

Testing of binder composition-treated handsheets. 

Tensile Strengthllb/in.) 
Binder Comp. LOI BW Dry % E Wet % E Hot T ET MIT 

Example 1 28.1 1.8 37.9 2.9 11.9 1.6 — 334 — 

Example 3 28.9 2.0 36.8 2.9 23.1 2.2 — 228 — 

Example 4 29.8 1.8 36.9 3.1 22.9 2.3 — 256 - 

Example 5 21.7 1.9 39.8 2.1 28.9 1.4 30.0 281 6.4 
Example 6 18.4 1.7 28.0 1.9 17.2 2.0 7 716 24 

Example 7 22.8 1.8 31.9 2.7 14.7 1.9 17 134 2 

L01 = % weight loss in ignition 

BW = basis weight in pounds per 1w square feet 

96 E = % elongation 

Hot T = hot tensile strength in pounds per inch. at 400 F. 

and bottom. The target LOI (loss on ignition) was 22% 
and 1.7 lbs./ 100 sq. ft. basis weight. 

EXAMPLES 3-7 

Preparation of Binder Compositions with Various 
Carboxy Group-Containing Ingredients of Various 

Molecular Weights 
Binder compositions were made according to the 

process of Example 1 with the exception that the car 
boxy group-containing ingredients were those given in 
Table 3.1. The amount of carboxy-group containing 
ingredient was chosen to provide 1 equivalent of car 
boxy group per equivalent of bis[N,N-di(b-hydroxye 
thyl)]adipamide. 

55 

60 

65 

The binder compositions used in the method of this 
invention all yield nonwovens which may be used for 
heat-resistant applications. 

EXAMPLE 9 

Binder Compositions with Various Ratios of Carboxy 
Group-Containing ingredient to B-Hydroxyalkylamide 
The binder composition of Example 5 was prepared 

with the exception that the ratio of the equivalents of 
carboxy group-containing ingredient to the equivalents 
of bis[N,N-di(b-hydroxyethyl)]adipamide was varied as 
is presented in Table 9.1. Glass ?ber nonwoven hand 
sheets were prepared and tested according to Examples 
2 and 8; results are presented in Table 9.1. 
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TABLE 9.1 

Testing of binder composition-treated handsheets. 
Tensile Strengthflb/irt.) 

10 

Acid/Amide L01 BW Dry % E Wet % E Hot T ET MIT 

1/1(eq.) 25.0 1.8 42.3 2.0 24.1 1.5 27 336 7 
l/0.8(eq.) 25.0 1.8 39.9 2.0 27.1 1.5 33 343 6 
l/0.7l(eq.) 23.0 1.9 37.6 2.1 25.8 1.5 34 285 4.1 
1/0.6(eq.) 22.7 1.7 39.5 2.1 25.8 1.5 35 354 7 
1/0.4(eq.) 23.6 1.8 37.2 3.3 18.3 1.8 35 217 3 
l/0.2(eq.) 21.4 1.8 34.6 3.0 6.2 1.4 28 218 4 
V0 (eq.) 19.6 1.7 20.0 1.6 too weak 16 414 4 
(Comparative) 

The binder compositions used in the method of this cut, being hydrogen, straight or branched chain 
invention all yield nonwovens which may be used for 15 lower alkyl having 1-5 carbon atoms or one of the 
heat resistant applications. ‘R2 and one of the R3 radicals may be joined to 

form, together with the carbon atoms to which 
EXAMPLE 10 they are attached, cycloalkyl; n is an integer having 

Binder Compositions Incorporating Multivalent Ions a value of 1 or 2 and n' is an integer having a value 
Binder compositions of this invention were modi?ed 20 of 0 to 2 or when n’ 15 0’ a Polymer 01' copolymer 

by the incorporation of zinc ammonium carbonate (as (“6" n has a value greater than 1 prFferably 2'19) 
ZINPLEX 15, a formulated commercial zinc ammo- formed from the ll'hydmyalkylamlde when A ‘5 
nium carbonate); the level of Zn was calculated in terms an unsatllmted radical; _ _ _ 
of the equivalents of Zn metal based on the equivalents (b) contacimg a?miwoven °°mP_n_5mg heat'rcslstam 
of carboxylic acid present as presented in Table 10.1. 25 ?bers.wlth §a1d,bmder °°mPP§m°n§ and 
Glass ?ber nonwoven handsheets were prepared and (c) heatmg Sa‘d bm‘l" composmon f“ a tmlPeramre 
tested according to Examples 2 and 8; results are pres- of from aim‘ 12,5 c‘ to about 400 C‘ ‘mm a cured 
ented in Table 10.1. Wlym" ‘5 “tamed 

' TABLE 10.1 

Testing of binder composition-treated handsheets. 
Tensile StrertgthOb/in.) 

Binder Comp. LOI BW Dry % E Wet % E Hot T ET MIT 

Ex. S/No Zn 21.7 1.9 39.3 2.1 28.9 1.4 30.0 231 6.4 
Ex. S/Zn 20.9 1.8 46.8 2.4 26.7 1.15 25.0 269 5.1 
(0.05 eq.) 
Ex. 5/No Zn 25.0 1.8 42.2 2.0 24.1 1.5 27 336 7 
Ex. 5/Zn 19.3 1.8 43.6 2.2 22.4 1.4 28 368 6 
(0.1 eq.) 
Ex. 5/Zn 22.3 1.7 46.0 2.3 20.2 1.4 25 296 7 
(0.5 eq.) 

The incorporation of zinc into the binder composition 2_ The method of claim 1 whcrgin said b.hydroxya1 
used in the method of this invention leads to a small kyl amide has the formula; 
increase in the dry tensile strength and elongation but 
does not increase the hot tensile strength. 45 
What is claimed is: || || 

1. A method for making a heat-resistant nonwoven HO_c(R3)HCH2_T—C_(cH2)m_C_N_CHZC(R3)HOH 
fabric comprising: R1 ‘Iv 

(a) forming a binder composition comprising a poly 
mer, polymer comammg cafboxy STOPPS °1' 50 wherein m is 0~8; R1 is hydrogen, lower alkyl having 1 
carboXyllc anhy'fh'lde groups 01' salts of: sald car‘ to 5 carbon atoms, or hydroxyalkyl having from 1 to 5 
boxy groups, and‘ a B'hYdTOXYaIkYI amlde of the carbon atoms; and R3 is selected from hydrogen and 
formula: straight or branched chain lower alkyl having from 1 to 

5 carbon atoms. 
55 3. The method of claim 2 wherein R1 is hydroxyalkyl 

[I'l0(R3)2C(R2)zC-N—il,-};A+i|:—ugmzhqkshomn, and said b~hydroxyalkyl amide has the formula 

11 i1 
ll 11 

wherein A is a bond, hydrogen or a monovalent or 60 (“W-C013‘)-CH2)2N—C+CH2mC—N(CH2-C(R3)H—0H); 
polyvalent organic radical derived from a saturated 
or unsaturated alkyl radical wherein the alkyl radi- wherein R3 is —H or —-CH3. 
cal contains from l-6O carbon atoms; aryl; tri- 4. The method of claim 1 wherein said carboxy 
lower alkyleneamino; or an unsaturated radical groups or carboxylic anhydride groups or salts of said 
containing at least one ethylenic group 65 carboxy groups are present in an addition polymer of 
[>C=C<]; R1 is hydrogen, lower alkyl having 
1-5 carbon atoms, or hydroxyalkyl having from 
1-5 carbon atoms, R2 and R3 are the same or differ 

ethylenically unsaturated monomers. 
5. The method of claim 4 wherein said addition poly 

mer contains at least one ethylenically unsaturated mon 
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omer selected from the group consisting of acrylic acid, 
methacrylic acid, crotonic acid, fumaric acid, maleic 
acid, Z-methyl maleic acid, itaconic acid, 2-methyl ita 
conic acid, a,B-methyleneglutaric acid, maleic anhy 
dride, itaconic anhydride, acrylic anhydride, and meth 
acrylic anhydride. 

6. The method of claim 4 wherein said addition poly 
mer contains at least one ethylenically unsaturated mon 
omer selected from the group consisting of acrylic acid 
and methacrylic acid. 

7. The method of claim 1 wherein said binder compo 
sition further comprises a divalent metal. 
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8. The method of claim 7 wherein said divalent metal 

is Zinc and wherein said Zinc is used at a level of from 
about 0.02 to about 1.0 equivalents of Zinc to 1.0 equiv 
alent of carboxy groups. 

9. The method of claim 1 wherein said heat resistant 
?bers are glass ?bers. 

10. A heat-resistant nonwoven product prepared ac 
cording to the method of claim 1. 

11. An asphaltic roo?ng substrate comprising the 
heat-resistant nonwoven product of claim 10. 

12. A cushioned ?ooring product comprising the 
heat-resistant nonwoven product of claim 10. 

l i i i 1 


